Cyclamen petals were treated with a highly chitinolytic bacterium, Serratia marcescens isolate B2, and 24hr later, were challenge-inoculated with Botrytis cinerea conidia. The bacterium suppressed fungal disease incidence by ca. 60% on attached petals of cyclamen in the greenhouse. The efficacy of isolate B2 against gray mould caused by B. cinerea, which was resistant to benzimidazole and dicarboximide fungicides, was nearly equal to that of 200ppm of iprodione, a dicarboximide fungicide. Although isolate B2 failed to survive on petals and leaves more than two weeks after the initial application, populations on leaf discs placed on the soil near the base of the cyclamen plant, where gray mould regularly developed, increased 10-fold during this period. Cyclamen leaf discs were challenge-inoculated with B. cinerea conidia either 1hr, 3 days or 7 days after isolate B2 application, then placed near the base of the plant in the greenhouse. Fungal sporulation on the discs was suppressed by more than 85%. S. marcescens B2 was significantly more effective than iprodione treatment against fungal sporulation on the discs.
INTRODUCTION
In recent years resistance to dicarboximides has become common6). Likewise, resistance has developed to the mixture of diethofencarb with carbendazim used for gray mould control15). Since resistance to currently available fungicides is common in greenhouses, alternative methods to suppress B. cinerea are of great importance to commercial growers.
Biocontrol of Botrytis spp. has been attempted mainly with fungal agents, such as hyperparasitic Trichoderma spp.4,7,9,10), Gliocladium spp. 20, 22) , and saprophytic yeast5). When using T. harzianum to control gray mould of grapes in the field, all the data suggested that a conidial concentration in the order of 108/ml was needed for adequate control4,9). Below this concentration, a rapid decline in efficacy was observed; no particular improvement seemed to be achieved using a higher inoculum density. Under commercial greenhouse conditions, however, T. harzianum survived at an effective population on cucumber plants for one month, proving to be a reliable biocontrol agent of gray mould7).
We previously reported that a highly chitinolytic bacterium, Serratia marcescens B2, suppressed the growth of Botrytis spp. in vitro, as well as controlling chocolate spot disease of broad bean caused by B. fabae in a growth chamber. It controlled growth and infection of the fungicide-resistant isolates as effectively as that of the fungicide-sensitive isolates, both in vitro and in vivo2, 13, 26) . S. marcescens is a ubiquitous organism in water, soil and food8). The isolate B2 was isolated from tomato phylloplane in the greenhouse2), suggesting that this bacterium could survive on the phylloplane under humid conditions, which are conducive to gray mould development12,17).
This study was initiated to control cyclamen gray mould with S. marcescens B2 under greenhouse conditions. Gray mould in cyclamen plants develops throughout the cultivation period, particularly on petals in the winter or just before sale. Because chemical control is limited during this period to avoid polluting the petals with fungicides, safer control methods are urgently needed for commercial growers. The present work is aimed at establishing an efficient biocontrol strategy for gray mould and evaluating integrated disease control which incorporates the use of S. marcescens B2.
MATERIALS AND METHODS

Plant
materials. Cyclamen plants (Cyclamen persicum, Pastel strain cv. John Strauss) were grown for 10 to 12 months in soil (Metro-Mix 360, Grace Sierra) in pots (diameter of 15cm and high of 10cm) under greenhouse conditions. Before blossoming, plants were cultivated under a fungicide control regimen. Biocontrol test on cyclamen petals. S. marces105conidia/ml), 1hr, 3 days and 7 days after application. At 11 days after inoculation, the nine discs were washed with 10ml sterile water in 25ml universal bottles. After 5min, the number of B. cinerea conidia in the aliquot was determined with a haemacytometer. The effect of isolate B2 application on B. cinerea sporulation was compared with that of iprodione alone (0.2mg/ml), a mixture of isolate B2+iprodione or sterile water control (three replicates/each treatment). Data analysis.
Results of biocontrol tests were statistically analysed using Tukey's25) method (at P= 0.05).
RESULTS
Suppressive
effect of S. marcescens B2 against gray mould on cyclamen petals Under greenhouse conditions, gray mould incidence was reduced to ca. 20% on cyclamen petals treated with S. marcescens B2 for up to five days after inoculation, compared to a 56% incidence of gray mould on the controls inoculated with only the pathogen ( Fig. 1 and inoculated with the dicarboximide-resistant B. cinerea ( Fig. 1) . In this test, the efficacy of isolate B2 was not enhanced in the presence of iprodione (Fig. 1) . Nor did S. marcescens B2 cause any significant damage to cyclamen petals during the tests. Light microscopy showed that conidial germination of B. cinerea was inhibited markedly on the petals treated with isolate B2, but that penetration was not inhibited (Table 1 ). The conidia became swollen and sometimes burst within 48hr after inoculation of the petals treated with the bacterium.
Survival of S. marcescens B2 on cyclamen plants The level of the S. marcescens B2 population was examined on each treated organ of the cyclamen plants.
On the petals and both the outer and inner leaves, the population of isolate B2 was reduced to ca. 1/104 for two weeks under greenhouse conditions (Fig. 2 ). However, the population level of isolate B2 on leaf discs placed on cfu/ml), iprodione or isolate B2 plus iprodione against sporulation of Botrytis cinerea on the leaf discs placed on the soil near the base of cyclamen plant in the greenhouse.
The discs were challenge-inoculated with the conidial susthe soil near the base of plants remained at ca. 108cfu/ cm2 for two weeks, a more than 10-fold increase over the density (cfu/cm2) present on the disc at application (Fig.  2) . Survival of S. marcescens B2 was ensured at the base of cyclamen plants in an area of high humidity, where gray mould frequently develops. S. marcescens B2 and other chitinolytic organisms were not detected on the untreated control plants. Suppressive effects of S. marcescens B2 against sporulation of B. cinerea B. cinerea sporulated heavily by 11 days after inoculation on untreated cyclamen leaf discs placed on the soil tion on discs treated with isolate B2 and B2 plus iprodione was reduced to ca. 8% and on those treated with iprodione alone to 38% in comparison to the untreated discs (Fig. 3) . Although the suppressive effect of isolate B2 on B. cinerea sporulation declined slowly after application, the sporulation was inhibited by ca. 85% on discs treated with isolate B2 7 days before the challenge-inoculation compared with that on untreated discs (Fig. 4) in the greenhouse. Gray mould develops particularly on the petals in winter or just before the sale, when the use of polluting chemicals must be avoided. Since S. marcescens B2 did not pollute cyclamen petals in this experiment, this bacterium could be applied repeatedly on the petals to suppress more effectively petal infection by B. cinerea during anthesis. S. marcescens B2, therefore, may prove to be a useful microbial pesticide for control to cyclamen gray mould during anthesis.
Although S. marcescens B2 failed to survive on dry and aerial parts of cyclamen plants, this bacterium established stable populations near the base of cyclamen plants in areas prone to high humidity. On cyclamen plants inoculated with B. cinerea prior to anthesis, the disease developed mainly on senescing leaves and petioles near the base of the plant, but not on the topmost plant organs. The fungus sporulated primarily on the dead, fallen tissues near the base of the plant; these propagules caused secondary infections on petals during anthesis. In this experiment, population survival of S. marcescens B2 was ensured near the base of cyclamen plants, where the gray mould often developed extensively and the fungus formed numerous propagules. Because this bacterial treatment suppressed sporulation of a dicarboximide fungicide-resistant B. cinerea isolate better than iprodione, S. marcescens B2 may have potential as a biocontrol agent against cyclamen gray mould under greenhouse conditions. S. marcescens B2 efficiently inhibited sporulation of B. cinerea on leaf discs near the base of cyclamen plants, where the B2 population was maintained at a level of more than 108cfu/cm2. The survival of S. marcescens B2 at more than 108cfu/cm2 could, therefore, effectively control sporulation of B. cinerea and halt the secondary dispersal to other plant organs and plants. As shown in the cases using T. harzianum and Candida sp. to control gray mould of other crops, antagonistic populations in the order of 108cfu/cm2 have been reported to be the most suitable for biopreparations4,9,18).
Against the fungicide-resistant isolate of B. cinerea alone, isolate B2 showed nearly equal efficacy to that of 200ppm of iprodione in theontrol to gray mould on cyclamen petals. Mixing isolate B2 with iprodione did not increase control of the gray mould compared with isolate B2 alone. However, the efficacy of S. marcescens B2 was lower than that provided by iprodione against cucumber gray mould with the fungicide-sensitive isolate of B. cinerea (data not shown) and chocolate spot disease of broad bean by the fungicide-sensitive isolate of B. fabae13). Similar results have been reported for biocontrol of gray mould with other antagonists, e.g. Trichoderma spp. or Glicocladium spp. on strawberry and cucumber3). Under commercial greenhouse conditions with both fungicide-resistant and -sensitive populations of B. cinerea1), therefore, the combination of isolate B2 with various fungicides may be expected to be highly effective against gray mould.
S. marcescens B2 causes well-developed, clear zones around its colonies on chitin plates, indicating its ability to produce chitinolytic enzyme(s). When conidia of B. cinerea were placed on the clear zone, germination was completely inhibited2). The conidia became swollen, with the appearance of spheroplasts. The tips of germ tubes and hyphae also swelled markedly. Likewise, on cyclamen petals treated with S. marcescens B2, conidial germination of B. cinerea was inhibited markedly. Swelling of the conidia within 48hr was observed frequently. Conidial germination was similarly suppressed on cyclamen leaf discs treated with isolate B2 (data not shown). Although other antibiotic substance(s) are known to be produced by S. marcescens19), the above data strongly suggest that chitinolytic activity of the bacterium was primarily responsible for inhibiting conidial germination of B. cinerea, due to the degradation of the fungal cell walls and interference with cell wall synthesis.
To enhance the intrinsic properties of the antagonists and to assist in its survival on the phyllosphere, adjuvants have been added to biocontrol agents, e.g. Trichoderma spp.10,18). Tronsmo24) found that Trichoderma was more efficient against gray mould on apple and strawberry blosomes, if the conidial suspension contained soluble cellulose. McLaughlin et al. 18 ) also noted that the addition of salt solutions, such as CaCl2, improved the efficacy of Candida sp. against gray mould on apples in storage. These reports suggest that the antagonistic activity of S. marcescens B2 can also be enhanced with adjuvants or nutritional substances. 
